DNA hypermethylation of sFRP5 contributes to indoxyl sulfate-induced renal fibrosis.
Renal fibrosis is the most common outcome of chronic kidney disease (CKD), while the pathogenesis of renal fibrosis is not fully understood. In this study, we first showed that the progress of renal fibrosis was positively related to serum levels of indoxyl sulfate, a typical protein-bound toxin, and that there was a close correlation between serum indoxyl sulfate levels and β-catenin expression in the kidneys (r = 0.908, p < 0.001) of CKD patients. We then demonstrated that intraperitoneal injections of indoxyl sulfate (100 mg/kg/day) for 4 weeks in uninephrectomized mice explicitly induced renal fibrosis, which was accompanied by a significant activation of Wnt/β-catenin signaling. In vitro investigations in human renal tubular HK-2 cells revealed that indoxyl sulfate exhibited a potent ability to induce Wnt/β-catenin activation through the downregulation of sFRP5, a gene that codes for an extracellular antagonist of Wnt signaling, by increasing the DNA methylation level of its promoter CpG islands. The increased expression of DNA methyltransferases following the activation of ROS/ERK1/2 signaling was responsible for the DNA hypermethylation of sFRP5 induced by indoxyl sulfate. Conversely, treatment with 5-aza-2'-deoxycytidine, an inhibitor of DNA methyltransferases, significantly reduced indoxyl sulfate-induced sFRP5 downregulation and Wnt/β-catenin activation. In vivo, intraperitoneal injections of recombinant sFRP5 protein or 5-aza-2'-deoxycytidine substantially alleviated renal fibrosis in indoxyl sulfate-treated uninephrectomized mice. Our results suggest that indoxyl sulfate promotes renal fibrosis through the induction of DNA hypermethylation of sFRP5, and thereafter the activation of Wnt/β-catenin signaling. These findings provide new insights into the pathogenesis of renal fibrosis in CKD patients. IS induces renal fibrosis by increasing ß-catenin expression in CKD mice. IS-induced Wnt signaling activation is due to sFRP5 hypermethylation in HK-2 cells. ROS/ERK1/2 signaling activation is involved in IS-induced sFRP5 hypermethylation. sFRP5 upregulation attenuates IS-induced renal fibrosis by inhibiting Wnt signaling.